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METHOD OF REDUCING ALOPECIA AND BLADDER TOXICITY OF 

CYCLOPHOSPHAMIDE 



FIELD OF THE INVENTION 

This invention relates generally to the field of cancer therapy and more 
particularly to a method for reducing toxicity of cyclophosphamide. 

10 DESCRIPTION OF RELATED ART 

Chemotherapy is now a recognized and widely used modality of cancer 
treatment. Depending upon the type of cancer, chemotherapy is often the primary 
course of treatment. For example, chemotherapy is widely used either alone or in 
combination with other treatments such as radiation treatment for a variety of 

15 cancers including cancer of the ovary, testis, breast, bladder, colon, head and neck as 
well as leukemia, lymphomas, sarcomas, melanomas, myelomas and others. 

Chemotherapeutic agents are broadly classified into a number of groups. 
The majority of anticancer drugs act as cytotoxic drugs. The classification of these 
drugs into groups is mechanism based. While chemotherapeutic agents have proven 

20 extremely useful in the treatment of cancer, nearly all of them are associated with 

significant toxic effects because of their potential to kill cancerous as well as healthy 
cells. For example, organ-specific toxicity is associated with clinically active 
chemotherapeutic agents and represents challenging health problems. 

Alopecia and bladder dysfunction are reported to be toxicity effects of some 

25 chemotherapy treatments. Cyclophosphamide is an example of a chemotherapeutic 
agent used for the treatment of breast, lung and ovarian cancers and known to be 
associated with alopecia and bladder toxicity affecting as many as 20-30% of treated 
patients. Chemotherapy induced alopecia is one of the most distressing aspects of 
cancer chemotherapy. In addition to Cyclophosphamide, doxorubicin, taxanes and 

30 vincristine also generally cause the most profound alopecia. Scalp-cooling devices 
to treat alopecia have been employed with mixed results (Seipp et al., In Cancer 
Principles and Practice of Oncology, Ed. VT DeVita (5th Ed.), p2757, 1997; 



Protiere et al., 2002, Support Care Cancer, 10(7):529-537). Bladder toxicity is also 
most common toxicity in terms of hemorrhagic cystitis (Levine et al, 1989, J. Urol., 
141:1063; Watson et al., 1973, Br. J. Urol., 45:606; Droller et al., 1982, 20:256; 
Walther et al., 1997, In Cancer Principles and Practice of Oncology, Ed. VT DeVita 
5 (5th Ed.), p2725-2726. 

Toxicity associated with anticancer drugs often forces discontinuation of 
treatment which may negatively impact the prognosis of a patient's condition and 
clinical outcome and result in compromising the quality of life. These toxicities are 
clinically managed by drug dose reduction or delay of treatment. Previous attempts 

10 to reduce chemotherapy associated alopecia, such as by using cold caps, have met 
with limited success (Protiere et al., 2002, Support Care Cancer, 10(7):529-537). 

Some studies attempting to address the issue of the effect of selenium on 
toxicity of anticancer agents in vitro have yielded conflicting results (Steifel et al., 
1999, WO 99/64018; Chen et al., 1986, J. Nurtition, 1 16(12):2453-2465; Dobric et 

15 al., 1998, J. Environ. Pathol. Toxicol Oncol., 17:291-299; Van Vleet et al., 1980, 
Am. J. Pathol., 99:13-42; Van Vleet et aL, Am. J. Vet Res., 1980, 41(5):691-699; 
Van Vleet et al., Am. J. Vet Res., 1981, 42(7):1 153-1 159). Given the inherent 
difficulties of extrapolating the in vitro studies to treatment regimens for cancer 
patients, the toxicity of anticancer agents such as cyclophosphamide, continues to 

20 pose a problem for the use of these chemotherapeutic agents. Accordingly, it would 
be beneficial to develop new approaches that can selectively prevent the toxic side 
effects of cyclophosphamide with the potential for increase in therapeutic efficacy. 

SUMMARY OF THE INVENTION 
25 In the present invention it was observed that administration of selenium 

compounds reduces toxicity associated with administration of cyclophosphamide. 

Cyclophosphamide induced toxicity includes weight loss, alopecia and bladder 

toxicity. Data is presented for in vivo studies using an animal model. 

Accordingly, the present invention discloses a method for reducing toxicity 
30 of cyclophosphamide including alopecia and bladder toxicity. The method 

comprises administering to an individual, in need of treatment, cyclophosphamide 
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and a selenium compound. The selenium compounds may be administered before, 
during or after administration of the anti-cancer agent. In one embodiment, the 
selenium compound is administered prior to chemotherapy and may be continued 
during and after the chemotherapy. 

5 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a representation of the dose response curve for the effect of 5- 
methylselenocysteine (MSC) on the survival of normal rats. 

Figure 2 is a representation of the effect of selenium compounds on the 

10 bladder toxicity of cyclophosphamide in rats. Cyclophosphamide was administered 
by a single intravenous (i.v.) push at 150 mg/kg. MSC was administered orally at 
0.75 mg/kg/rat daily for 21 days with the first dose being given at 14 days before 
cyclophosphamide treatment. The animals were sacrificed 24 hours after 
cyclophosphamide treatment with or without MSC. Hemotoxylin eosin stained 

15 sections are shown for control (Panel A); MSC alone (Panel B); cyclphosphamide 
alone (Panel C) and cyclophosphamide plus MSC (Panel D). 

Figure 3 is another representation of the effect of selenium on bladder 
toxicity of cyclophosphamide in rats. Hemotoxylin-eosin stained sections are shown 
for MSC alone (Panel A; 200X) and cyclophosphamide plus MSC (Panel B; 100X) 

20 Figures 4 and 5 are representations of the effect of selenium on alopecia 

induced by cyclophosphamide in rats. The backs of rats were shaved and 
cyclophosphamide (100 mg/kg) was administered once by i.v. push and MSC was 
given p.o. daily for 21 days with the first dose being administered 14 days before 
cyclophosphamide treatment. Results are shown for control, cyclophosphamide and 

25 cyclophosphamide plus MSC treated rats at 0, 30 and 45 days after treatment. 

Figure 4 show 2 rats for each group and Figure 5 shows a magnified view of 1 rat 
for each group from Figure 4. 



-3- 



DETAILED DESCRIPTION OF THE INVENTION 

The term "therapeutic dose" as used herein means the dosage of a therapeutic 
agent that is acceptable for use clinically with respect to its toxicity without the co- 
administration of selenium compounds. 
5 The term "bladder toxicity" as used herein means a finding of bloody urine, 

hematuria or hemorrhagic cystitis. 

The present invention discloses a method for reducing the toxicity of 
cyclophosphamide while maintaining or enhancing its efficacy. The method 
comprises administering to an individual, in need of such a treatment, 

10 cyclophosphamide and one or more selenium compounds. The selenium 
compounds may be administered before, during or after administration of 
cyclophosphamide. By combining chemotherapy with the administration of 
selenium compounds, some of the side effects of cyclophosphamide such as weight 
loss, alopecia and bladder toxicity can be decreased. 

15 . Selenium compounds useful for the present invention can be from either 

organic or inorganic forms. It is preferable to use selenium from organic forms 
since these are known to be less toxic. Examples of useful selenium compounds 
from organic forms include methylselenocysteine (MSC) and seleno-L-methionine 
(SLM). The doses of selenium compounds are in the range of about 200 /xg/person 

20 to about 3.6 mg/person and maybe administered daily for 1 year or longer. It has 
been reported that up to 800 /ig/patient is generally considered to be safe without 
associated toxicity. 

The present invention comprises the steps of combining chemotherapy with 
the administration of selenium. Cyclophosphamide may be administered alone or 

25 combined with other chemotherapeutic agents accordingly to the criteria well known 
in the art of cancer chemotherapeutics. The dosage and administrative regimens of 
the cyclophosphamide are well within the purview of those skilled in the art. 
Selenium administration can be initiated before the start of chemotherapy, during 
chemotherapy or after cessation of chemotherapy. If initiated before the start of 

30 chemotherapy, selenium administration can be continued during the chemotherapy 
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and after cessation of chemotherapy. Similarly, if initiated during chemotherapy, 
selenium administration can continue after cessation of chemotherapy. 

To demonstrate the effect of selenium in reducing the toxic effect of 
cyclophosphamide, studies were carried out in normal rats. The results 
5 demonstrated that MSC, a selenium containing-compound is highly effective in 
preventing alopecia and severe bladder toxicity associated with cyclophosphamide. 
The results reported here in normal rats were generated with cyclophosphamide as 
an example of chemotherapeutic agents causing significant alopecia. 

When selenium is administered to an individual in need of therapy for cancer 
10 to reduce the toxicity, the dose of the chemotherapeutic agent (or radiation dose) can 
be increased so as to have greater efficacy. 

The following examples are provided below to illustrate the present 
invention. These examples are intended to be illustrative and are not to be construed 
as limiting in any way. 

15 

EXAMPLE 1 

This example describes the identification of non-toxic doses for the use of 
selenium. To illustrate this embodiment, different groups of adult Fisher rats were 
administered various doses of selenium for 21 days and survival of rats was 

20 monitored. Each group had 6 rats and each exempt group was repeated 3-4 times. 
The results are shown in Figure 1. The data indicate that up to 0.75 mg/rat/d x 21 
MSC is not toxic (less than 5% weight loss, no lethality). Toxicity was observed at 
higher doses with 75% and 0% of animals surviving treatment with 1 mg and 1.25 
mg/kg MSC dose. Thus, for evaluation of the protective effect of MSC against 

25 chemotherapy induced toxicity, the dose and schedule of MSC used was 0.75 
mg/rat/d up to 21 days orally. 

EXAMPLE 2 

This embodiment demonstrates that selenium reduces bladder toxicity 
30 induced by administration of cyclophosphamide. To illustrate this embodiment, the 
effect of cyclophosphamide administration was studied on rats in the presence or 
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absence of selenium. Rats (Fisher rats) weighing 120-180 g were treated orally with 
0.75 mg/rat/d MSC up to 21 days with the first dose administered fourteen (14) days 
prior to i.v. administration of cyclophosphamide. This dose and schedule of 5- 
Methylselenocysteine (MSC)was non-toxic yielding a weight loss of 7.4 + 2.4 (less 
5 than 10% of total body weight). Cyclophosphamide (Endoxan) was administered as 
a single i.v. push using 1 50 mg/kg x 1 . At four and twenty-four hrs post 
cyclophosphamide treatment, bladders were removed and examined 
histopathologically for tissue damage. Bladders were removed and fixed in 
formalin. Paraffin embedded sections were obtained and stained by hematoxylin- 

1 0 eosin staining by standard methods. 

The results are shown in Figure 2. This figure shows photomicrographs of 
rat bladder 24 hrs after cyclosphosphamide treatment without and with MSC. 
Magnification for panels A and B is 100X, and for panels C and D is 200X. Panel 
A, shows the histologic picture of an untreated normal bladder. Panel B, 

15 demonstrates that there is no change after MSC treatment alone. Panel C, shows 
characteristic, severe hemorrhagic cystitis caused by cyclophosphamide alone. The 
hemorrhages (arrows) are destructive in the mucosa and in the bladder wall. Panel 
D, clearly shows the complete lack of hemorrhage after cyclophosphamide treatment 
combined with MSC, indicating the strong protective effect of MSC. Edema 

20 (arrow) is still present, but it is considered a minor lesion as compared to 
hemorrhage seen without MSC. 

Figure 3 is another representation of the protective effect of selenium on rat 
bladder. Panel A shows a section of the bladder 4 hrs after cyclophosphamide 
treatment. The section shows an acute mucosal edema (arrow) that is lacking in a 

25 corresponding section obtained from an animal in which MSC was coadministered 
with cyclophosphamide (Panel B). A long bladder segment seen in Panel B 
indicates preserved normal histological structure. Magnification for Panel A is 
200X, and for Panel B is 100X. Edema occurred only in the cyclophosphamide 
treated group. 

30 
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EXAMPLE 3 

This embodiment demonstrates that selenium reduces alopecia 
induced by administration of cyclophosphamide. To illustrate this embodiment, the 
effect of cyclophosphamide administration was examined on rats in the presence or 
5 absence of selenium. Sections on the backs of rats (approximately 7 by 9 cm) were 
shaved and the animals randomized to treatment with MSC or vehicle before 
toxicity with cyclophosphamide. Cyclophosphamide (Endoxan) was administered 
as a single i.v. push using 100 mg/kg x 1. MSC at 0.75 mg/rat/day was administered 
for twenty-one (21) days with the first dose administered fourteen (14) days prior to 

10 i.v. administration of cyclophosphamide (100 mg/kg x 1). Rats treated with 

cyclophosphamide alone and in combination with MSC were monitored for weight 
changes and alopecia at various times post therapy. Regrowth of hair was assessed 
at 30, 45 and 90 days post initiation of cyclophosphamide treatment. 

The effects of cyclophosphamide (100 mg/kg i.v. x 1) alone and in 

15 combination with MSC (0.75 mg/rat/d x 2 1) on alopecia in rats are shown in Figure 
4 for 1) untreated control; 2) treated rats with cyclophosophamide; and 3) treated 
rats with cyclophosphamide in combination with MSC. The results demonstrate 
recovery of regrowth of hair in control rats. For cyclophosphamide treated rats there 
was only partial recovery on days 30 and 45. However, when cyclophosphamide 

20 was administered in combination with MSC, the regrowth of hair was more than 
without MSC and was comparable to that of control rats. The data clearly 
demonstrated that MSC is effective in prevention of alopecia induced by 
cyclophosphamide. The weight loss observed with cyclophosphamide was also 
significantly reduced in rats treated with the combination. 



25 



EXAMPLE 4 



This embodiment demonstrates that the protective effects of selenium are 
observed at concentrations at which the efficacy of the anti-tumor effect of the 
cyclophosphamide is not reduced and may even be enhanced. To determine whether 
30 the protective effects of MSC against toxicities induced by cyclophosphamide are 
selective, nude mice bearing human squamous cell carcinoma of head and neck 
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tumor xenografts (A253 and FaDu) were treated with therapeutic doses of 
cyclophosphamide (100 mg/kg x 1, i.v.) alone and in combination with MSC as 
described above.. The results which are summarized in Table 1 indicate that MSC 
augments the antitumor activity of cyclophosphamide (cyclo.) in A253 and FaDu 
5 xenografts. 

TABLE 1 



Anti-tumor activity (% inhibition) 





A253 




Treatment 


Cyclo. 


MSC + 
cyclo 


Cyclo. 


MSC + 
cyclo. 


Tumor growth 
inhibition 


35% 


70% 


42% 


92% 



10 

In summary, Selenium protects against cyclophosphamide induced toxocity 
including bladder toxicity (edema and telangiectasia and destructive hemorrhagic 
cystitis) and alopecia. Further, Selenium also increases the antitumor activity of 
cyclophosphamide. 
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